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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an electrocat- 
alyst and a method of manufacturing the same. More 
specifically, the present invention relates to an electro- 
catalyst prepared by a step of forming a reversed micel- 
lar solution which dissolves a catalyst component in mi- 
celles, a step of obtaining noble metal particles or com- 
plex metal particles by adding a reducing agent to the 
reversed micellar solution , and a step of loading the met- 
al particles on a conductive support by mixing the con- 
ductive support into the reversed micellar solution. 

2. Description of the Related Art 

[0002] A hydrogen-oxygen fuel cell is classified into a 
variety of types in accordance with types of electrolytes, 
types of electrodes and the like. As typical fuel cells, 
there are ones of an alkaline type, a phosphoric acid 
type, a molten carbonate type, a solid electrolyte type, 
and a solid polymer type. Among them, the solid poly- 
mer fuel cell operatable at low temperature (usually, 1 00 
°C or less) has gained attention, and in recent years, 
has been developed and put into practical use as a low- 
pollution power source for a vehicle. 
[0003] As an electrocatalyst usable for such a fuel 
cell, there is one in which catalyst particles are loaded 
on carbon particles. Meanwhile, in order that such cat- 
alyst-loaded carbon particles may be far more widely 
used as the electrocatalyst of the fuel cell, it is necessary 
to minimize a usage amount of the catalyst by enhanc- 
ing a utilization of the catalyst without lowering activity 
thereof, and to reduce a manufacturing cost of the cat- 
alyst by simplifying a manufacturing method thereof. 
[0004] Heretofore, platinum-loaded carbon has been 
used in many fuel cells. In general, a method of manu- 
facturing the platinum-loaded carbon is that a carbon 
support is added to a solution of chloroplatinic acid, a 
reducing agent is added to the precipitate to reduce the 
solution to platinum particles, and the platinum particles 
are adsorbed on the carbon support (refer to Japanese 
Patent Application Laid-Open No. H9-167622). 
[0005] Meanwhile, in an oxygen reduction electrode 
for use in the fuel cell, oxygen reduction overvoltage is 
large, which is a main cause to lower efficiency of the 
fuel cell. For the electrocatalyst, noble metal such as 
platinum (Pt) and ruthenium (Ru) is used as a reaction 
catalyst for protons and oxygen. However, in such an 
electrocatalyst composed only of the noble metal, oxy- 
gen reduction activity is insufficient in some cases, and 
an oxygen reduction electrocatalyst that is high activity 
is required. An alloy or intermetallic compound of the 
noble metal, particularly Pt, and a base metal is known 
to exhibit an oxygen reduction activity higher than the 
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electrocatalyst only of Pt, and it has also been proposed 
to use such a Pt-based alloy catalyst as the electrocat- 
alyst for the fuel cell (refer to Japanese Patent Applica- 
tion Laid-Open No. S62-1 63746). 

5 

SUMMARY OF THE INVENTION 

[0006] However, some reports tell that, in the elec- 
trode for the fuel cell, which is fabricated by the conven- 
10 tional manufacturing method, the utilization of the plat- 
inum in the catalyst is in the level of 1 0%. It is assumed 
that many catalysts do not contribute to the reaction (E. 
A. Ticianelli, J. Electroanal. Chem. : 251 , 275 (1988)). 
[0007] The present invention has been created in or- 
15 derto solve such problems as described above. It is an 
object of the present invention to provide an electrocat- 
alyst for a fuel cell, which remarkably improves a cata- 
lyst utilization to enhance performance of the fuel cell. 
It is another object of the present invention to provide a 
20 method for manufacturing catalyst- loaded carbon by a 
manufacturing method simpler than a conventional one. 
[0008] The first aspect of the present invention pro- 
vides an electrocatalyst comprising: a conductive sup- 
port which loads a noble metal thereon, wherein the no- 
25 ble metal is formed by adding a reducing agent for an 
ion of the noble metal to a reversed micellar solution 
containing an aqueous solution of the noble metal ion, 
and the noble metal is loaded with a mean particle di- 
ameter ranging from 1 to 10 nm. 
30 [0009] The second aspect of the present invention 
provides a method of manufacturing an electrocatalyst 
comprising: preparing a reversed micellar solution con- 
taining an aqueous solution of a noble metal ion; reduc- 
ing the noble metal ion to a noble metal by adding a re- 
35 ducing agent to the reversed micellar solution; and add- 
ing a conductive support to the reversed micellar solu- 
tion. 

[0010] The third aspect of the present invention pro- 
vides a method of manufacturing an electrocatalyst 
40 comprising: preparing a first reversed micellar solution 
containing an aqueous solution of a noble metal ion; re- 
ducing the noble metal ion to a noble metal by adding a 
reducing agent to the first reversed micellar solution; 
preparing a second reversed micellar solution contain- 
45 jng an aqueous solution of a transition metal ion; pre- 
paring a transition metal from the transition metal ion by 
adding a precipitant to the second reversed micellar so- 
lution; and loading a complex metal particle composed 
of the noble metal and the transition metal on a conduc- 
50 tive support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 1 ] The invention will now be described with refer- 
55 ence to the accompanying drawings wherein; 

FIG. 1 is a schematic view showing an electrocata- 
lyst of a fuel cell, which is fabricated by a conven- 
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tional method; 

FIG. 2 is a schematic view for explaining a reversed 
micellar solution; 

FIG. 3 is a view for explaining a reaction in which 
noble metal particles are generated in a micelle; 
FIG. 4 is a view showing a reaction in which a com- 
plex metal particle is generated from a reversed mi- 
cellar solution containing a noble metal ion solution 
and from a reversed micellar solution containing a 
transition metal ion solution; 

FIGS. 5A and 5B are views showing a mode in 
which the reversed micellar solution is attached on- 
to a carbon support; 

FIG. 6 is a schematic view showing a mode in which 
the reversed micellar solution cannot enter fine 
pores; 

FIG. 7 is a flowchart of a method of manufacturing 
the electrocatalyst of the present invention; 
FIGS. 8, 9 and 10 are views showing another reac- 
tion in which the complex metal particle is generat- 
ed from the reversed micellar solution containing 
the noble metal ion solution and from the reversed 
micellar solution containing the transition metal ion 
solution; and 

FIGS. 11 A and 11 B are tables showing configura- 
tions of examples and comparative examples and 
measurement results thereof. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0012] Hereinafter, description will be made of em- 
bodiments of the present invention with reference to the 
drawings. 

[0013] An electrocatalyst of the present invention is 
an electrocatalyst composed by loading noble metal 
with a mean particle diameter of 1 to 1 0 nm on a surface 
of a conductive support. The noble metal is formed by 
adding a reducing agent for reducing noble metal ions 
to a reversed micellar solution containing an aqueous 
solution of the noble metal ions in a micelle. 
[0014] In an electrode for a fuel cell, which is fabricat- 
ed by a conventional method, a utilization of platinum in 
the electrocatalyst has been low. A reason for this is not 
clear, but carbon black to be used as an electrocatalyst 
support is one in which primary carbon particles with a 
diameter of approximately 1 0 to 50 nm form an aggre- 
gate structure, and further coagulates to form an ag- 
glomerate structure, and the carbon black has many na- 
nometer-order fine pores in the agglomerate structure. 
It is conceived that, in the conventional catalyst loading 
method, many of catalyst particles with a diameter of 2 
to 4 nm are loaded in such fine pores, resulting in the 
lowering of the utilization of the platinum in the catalyst. 
[0015] FIG. 1 shows a contact state of a surface of 
catalyst particles-loaded carbon and a solid polymer 
electrolyte (ionomer) in a catalyst layer of a fuel cell elec- 
trode fabricated by the conventional method. In general, 



in a ionomer solution for use in fabricating the electrode 
for the fuel cell, the ionomer is not completely dissolved 
in a solvent, but ionomer is dispersed in a colloidal state 
into the solution. In this case, a size and mode of pres- 

5 ence of the ionomer are different depending on a type 
of the solvent and concentration of the ionomer. As 
shown in FIG. 1 , when the size of the ionomer 32 in the 
solution is larger than a pore diameter of a carbon sup- 
port 31 , the ionomer 32 cannot enter the fine pores. Ac- 

10 cordingly, though the catalyst particles are present in the 
fine pores 35 of the carbon support 31 , a three-phase 
boundary that is a structure effective in an electrochem- 
ical reaction is not formed. Specifically, catalyst particles 
used in the electrochemical reaction are only catalyst 

*5 particles 33 in contact with the ionomer 32, and catalyst 
particles 34 that are not in contact with the ionomer 32 
are not used for the electrochemical reaction. Therefore, 
in the conventional electrode for the fuel cell, the utiliza- 
tion of the catalyst is lowered, and thus a high activity 

20 electrode cannot be obtained. 

[0016] In order to enhance the utilization of the cata- 
lyst to improve reaction efficiency thereof, there is a 
method of utilizing a carbon support that does not have 
the small fine pores allowing the ionomer to enter the 

25 same. However, a specific surface area of such a carbon 
support is small, and accordingly, when a loaded 
amount of the catalyst is increased, the catalyst particles 
overlap one another to lower dispersibility thereof, and 
high activity cannot be obtained. Moreover, there is also 

30 a method of, instead of mixing the ionomer to the elec- 
trode, using an ionomer having proton conductivity. 
However, unless the ionomer enters the fine pores of 
the carbon support, the utilization of the catalyst cannot 
be enhanced. Furthermore, a method of reducing the 

35 size of the ionomer so that the ionomer can enter the 
nanometer-order fine pores is conceived. However, lim- 
itations are imposed on a polymerization degree of the 
ionomer for use, the solvent, and concentrations of ion- 
omer. Therefore, even by such methods, the size of the 

40 ionomer cannot be reduced sufficiently enough to allow 
the ionomer to freely enter the nanometer-order carbon 
fine particles. 

[0017] However, according to the present invention, 
use of a reversed micelle method makes it possible to 

45 adjust a size of metal particles precipitated, thus making 
it possible to prepare catalyst particles made more fine- 
ly. In addition, use of a reversed micellar solution makes 
it possible to load the catalyst particles on a surface of 
the support at an approximately equal interval. 

so [0018] The "reversed micellar solution" for use in the 
present invention will be described in detail. As shown 
in FIG. 2, the "reversed micellar solution" is a solution 
composed of an organic solvent 41 , an aqueous solution 
43 containing noble metal ions and the like, and am- 

55 phiphiles 46 such as a surfactant. In the reversed micel- 
lar solution 40, the aqueous solution 43 and the am- 
phiphiles 46 aggregate in the organic solvent 41 to form 
a micelle 42, and in the micelle 42, the aqueous solution 
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43 is present. In each of the amphiphiles 46, a hydro- 
phobic group 44 is oriented, in an organic solvent phase, 
toward the outside, that is, an organic solvent phase 
side, and a hydrophilic group 45 is oriented to the inside, 
that is an aqueous solution phase side. An orientation 
of the hydrophobic group 44 and the hydrophilic group 
45 is reversed to that in the case of an aqueous solvent, 
and accordingly, this solution is called the reversed mi- 
cellar solution. Such a reversed micellar solution can be 
prepared by adding an aqueous solution to a solution in 
which the amphiphiles are dissolved into the organicsol- 
vent and agitating the obtained solution. A portion in 
which the hydrophilic groups aggregate has a capability 
of holding polar molecules such as those of water. The 
aqueous solution concerned is turned into extremely 
small droplets with a diameter of several nanometers to 
several ten nanometers, and stably dispersed into the 
organic solvent. A size of the droplets can be controlled 
by a molar ratio of the injected water and the surfactant. 
[001 9] When a reducing agent which reduces the no- 
ble metal ions is added to the reversed micellar solution 
40 containing the noble metal ion solution 43 in the mi- 
celle 42, the noble metal ions are reduced to noble metal 
in the micelle 42, and turned into a colloidal noble metal 
particle 47. The reducing agent may be added as an 
aqueous solution, or may be added as the reversed mi- 
cellar solution containing the reducing agent in the mi- 
celle. This will be described specifically with reference 
to FIG. 3. FIG. 3 shows a case of adding the reducing 
agent as the reversed micellar solution. First, a sur- 
factant 2 is mixed to the organic solvent, and the noble 
metal ion solution is added to the mixture. Then, a mi- 
celle 5 having hydrophilic groups 3 in the inside and hy- 
drophobic groups 4 on the outside is formed, and the 
noble metal ion solution is contained in the micelle 5 (re- 
versed micellar solution A). When a reducing agent so- 
lution is used instead of the noble metal ion solution, a 
micelle 6 containing the reducing agent solution therein 
is prepared (reversed micellar solution B). When these 
reversed micellar solutions A and B are mixed together, 
the reversed micelles are coupled to each other, and a 
reduction reaction proceeds in a micelle 7 (reversed mi- 
cellar solution C). Furthermore, when a reduced particle 
7a is matured, a micelle 8 containing colloidal noble met- 
al controlled by a size of the micelle can be obtained 
(reversed micellar solution D). Note that two types or 
more of the noble metal ions may be contained in the 
noble metal ion solution in the micelle 5. The inside of 
the micelle is excellent in dispersibility, and there, ultra- 
fine noble metal particles 8a having an extremely uni- 
form composition even in the case where the two types 
or more of noble metal ions are contained therein is ob- 
tained. 

[0020] The noble metal ion in the present invention is 
an ion of at least one noble metal selected from the 
group consisting of platinum (Pt), palladium (Pd), rho- 
dium (Rh), osmium (Os), ruthenium (Ru) and iridium (Ir). 
Among them, it is preferable to use platinum and palla- 



dium. This is because these metals are excellent in cat- 
alyst activity when these are used forthe electrocatalyst. 
[0021] In the present invention, the reducing agent is 
one capable of converting the noble metal ions in the 
5 micelle into the noble metal particles, and can be select- 
ed appropriately according to the noble metal for use. 
As the reducing agent, hydrogen, hydrazine, sodium tet- 
rahydroborate and the like, which react with the noble 
metal to generate the noble metal particle in the micelle, 

10 can be given. 

[0022] The mean particle diameter of the noble metal 
loaded on the electrocatalyst of the present invention is 
within a range from 1 to 10 nm, and preferably, 2 to 5 
nm. If the mean particle diameter is within this range, a 

*5 surface area sufficient for the catalyst activity can be en- 
sured, and an amount of active catalyst per unit mass 
of the noble metal can be increased. Note that the mean 
particle diameter of the catalyst metal in the present in- 
vention can be calculated by a mean value of crystallite 

20 diameters obtained from half widths of diffraction peaks 
of the catalyst metal in X-ray diffraction and by a mean 
value of particle diameters of the catalyst metal, which 
are measured by a transmission electron microscope. 
[0023] It is preferable that the conductive support be 

25 carbon particles with a BET specific surface area rang- 
ing from 80 m 2 /g to 2000 m 2 /g. For graphitized carbon 
particles, ones with a BET specific surface area ranging 
from 80 m 2 /g to 600 m 2 /g are preferable. For ungraphi- 
tized carbon particles, ones with a BET specific surface 

30 area ranging from 250 m 2 /g to 1 600 m 2 /g are preferable. 
If the BET specific surface areas are in the above-de- 
scribed ranges, the catalyst component can be highly 
dispersed on the carbon support. Moreover, the carbon 
particles are highly dispersed in the organic solvent, and 

35 accordingly, the micelle can be easily attached onto the 
surface of each carbon particle in the reversed micellar 
solution, which is also advantageous. 
[0024] The electrocatalyst of the present invention 
may be one in which, besides the above-described no- 

40 ble metal particles, transition metal particles are further 
loaded on the conductive support. Use of complex metal 
of the noble metal and transition metal makes it possible 
to further improve the catalyst activity. Particularly, the 
use of the transition metal is advantageous in a point of 

45 improvement of mass activity (activity of noble metal per 
unit weight). 

[0025] A method of manufacturing complex metal par- 
ticles composed of the noble metal and the transition 
metal, which are loaded on the conductive support, will 

50 be described in detail with reference to FIG. 4. In FIG. 
4, (A) indicates a reversed micellar solution containing 
a noble metal ion solution in the micelle, and (E) indi- 
cates a reversed micellar solution containing a transition 
metal ion solution in the micelle. When the reversed mi- 

55 cellar solutions A and E are mixed together, micelles 5 
and 9 are coupled to each other, and a micelle 10 in a 
state where the noble metal ion and the transition metal 
ion are uniformly present can be obtained (reversed mi- 
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cellar solution F). To the reversed micellar solution F,the 
reversed micellar solution B containing the reducing 
agent solution in the micelle 6 is added. Then, the mi- 
celles 6 and 10 are coupled to each other to create a 
micelle 11 . A reduction reaction proceeds in the micelle 
1 1 (reversed micellar solution G). Furthermore, when re- 
duced particles 11a are matured, a micelle 12 containing 
noble metal particles 1 2a can be obtained (reversed mi- 
cellar solution H). To the micelle 12, a reversed micellar 
solution I containing an aqueous solution of a precipitant 
in a micelle 13 is added. Then, the micelles 12 and 13 
are coupled to each other to create a micelle 14. In the 
micelle 14, a precipitation reaction proceeds. Further- 
more, when a precipitate is matured, the micelle 1 4 con- 
taining a complex metal particle 14a of the noble metal 
particle and transition metal particle, which are control- 
led by the sizes of the micelle, can be obtained (reversed 
micellarsolution J). According to the method concerned, 
even in the case of the complex metal particle of the 
noble metal and transition metal, the mean particle di- 
ameter can be controlled within a range of 1 to 10 nm, 
and preferably, 2 to 7 nm, and thus, an electrocatalyst 
including complex metal particles dispersed uniformly 
on the surface of the support can be obtained. 
[0026] Note that it is not necessary to add the reduc- 
ing agent and the precipitant in the form of the reversed 
micellar solutions as shown in FIG. 4, and aqueous so- 
lutions thereof may be directly added. 
[0027] As the transition metal for use in the electro- 
catalyst of the present invention, it is preferable to use 
at least one selected from the group consisting of vana- 
dium (V), chromium (Cr), manganese (Mn), iron (Fe), 
cobalt (Co), nickel (Ni), copper (Cu) and zinc (Zn). Aque- 
ous sulfate solutions, aqueous ammonium salt solutions 
and aqueous halogenated compound solutions of these 
are usable. 

[0028] I n the present invention , the precipitant implies 
one capable of converting the transition metal ions in 
the micelle into the precipitate, and can be selected ap- 
propriately in accordance with the transition metal to be 
used. As the precipitant, ammonia, aqueous ammonium 
salt, tetramethylammonium hydroxide, aqueous solu- 
tion of alkaline and alkaline-earth metal compounds, 
and the like, which react with the transition metal ion and 
generate the precipitate in the micelle, are usable. 
[0029] In.the present invention, while the noble metal 
ion-containing solution is the reversed micellarsolution, 
the size of the micelle can be adjusted according to the 
types and added amounts of the solvents and sur- 
factants to be used. When the reversed micellar solution 
with a diameter of the micelle set in a range from 20 to 
100 nm is added with the carbon support as, as shown 
in FIG. 5A, the micelles 8 (14) are attached uniformly 
onto the surface of the carbon support 31 concerned. 
When the support 31 is calcinated, as shown in FIG. 5B, 
an electrocatalyst can be obtained, in which the metal 
particles 8a (14a) are loaded uniformly on the surface 
of the support 31 at an interval S of 1 0 to 50 nm between 



8 

the metal particles 8a (14a) adjacent to one another. In 
the conventional method, platinum and a platinum alloy 
have coagulated., making it difficult to control the particle 
diameter and a particle distribution. According to the 
5 present invention, it is possible to control such diameter 
and distribution extremely simply and securely. 
[0030] Moreover, when the preparation is performed 
in such a manner, as shown in FIG. 6, the micelles 8 
(14) cannot enter the fine pores 35, of which opening 

10 diameter is less than 10 nm. Therefore, the metal parti- 
cles 8a (14a) are highly dispersed only on the surface 
of the support 31 , thus improving the effective utilization 
of the metal particles. Heretofore, the particles in the fine 
pores of the support have been inferior in a contact state 

*5 with the electrolyte, bringing a lowering of the property 
of the three-phase boundary. According to the present 
invention, a ratio of an amount of the noble metal loaded 
on the surface of the support to an amount of the noble 
metal loaded in the pores of the support becomes 2: 1 

20 to 9: 1 . This shows that the ratio of the amount of the 
metal on the surface is increased as compared with a 
conventional ratio that is 1 : 9 to 2: 1 . 
[0031] Note that, in the electrocatalyst of the present 
invention, a ratio of the amount of metal loaded on the 

25 conductive support per electrocatalyst is within a range 
of 5 to 70 % by mass, and preferably, 10 to 50 % by 
mass. Note that the amount of metal implies a total 
amount of the noble metal and the transition metal. If 
the ratio of the amount of metal to the electrocatalyst is 

30 less than 5 % by mass, sufficient activity and durability 
cannot be obtained. Meanwhile, if the ratio exceeds 70 
% by mass, the metal particles are difficult to disperse 
uniformly, and high dispersion loading of the catalyst 
particles becomes difficult. 

35 [0032] The method of manufacturing the electrocata- 
lyst of the present invention will be described in far more 
detail. 

[0033] The method of manufacturing the electrocata- 
lyst of the present invention is characterized in that the 

40 sizes of the noble metal particles and/or other metal par- 
ticles are controlled by use of the reversed micellar so- 
lution. Specifically, onto the surface of the carbon sup- 
port, the noble metal particles and/or the other metal 
particles are uniformly attached by use of the reversed 

^5 micellar solution. Subsequently, the support is filtered, 
and then calcinated under an atmosphere of inert gas, 
and thus the electrocatalyst in which the catalyst activity 
is large is obtained. The method of manufacturing the 
electrocatalyst of the present invention will be described 

50 with reference to FIG. 7. 

[0034] In a preparation step S 1 of the reversed mi- 
cellar solution A, the surfactant is added into the organic 
solvent, the noble metal ion solution is further added 
thereto, and the mixture is stirred. Thus, the reversed 

55 micellar solution A is prepared. In a similar way, in a 
preparation step S2 of the reversed micellarsolution B, 
the aqueous solution of the reducing agent which reduc- 
es the above-described noble metal ions to the noble 
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metal is added into the organic solvent mixed with the 
surfactant. Thus, the reversed miceliar solution B is pre- 
pared. 

[0035] Subsequently in a mixing step S3, the reversed 
miceliar solution B is added to the reversed miceliar so- 
lution A, and the mixture is stirred. Then, the reversed 
miceliar solution C containing a colloid of the noble met- 
al in the reversed micelles is generated. After the solu- 
tion C is matured in a maturing step S4, the precipitate 
is filtered and rinsed by methods such as centrifugal 
separation, filtering and washing/rising in a separation 
step S5. Furthermore, the precipitate is dried in a drying 
step S6, followed by pulverization, and thus a precursor 
of the electrocatalyst is obtained. Then, the precursor is 
calcinated in a calcinating step S7. By the above-de- 
scribed steps S1 to S7, the electrocatalyst of the present 
invention can be. obtained. Note that, as compared with 
methods of calcinating metal salt and a certain kind of 
organic salt, the above-described calcinating step can 
be performed at low temperature. In addition, when the 
support is the carbon particles, it is preferable that the 
drying and the calcinating be performed under an inert 
atmosphere such as argon gas, nitrogen gas and the 
like so that oxidation of the carbon cannot proceed. 
[0036] Note that, as described above, in the present 
invention, the micelle solution E containing the transition 
metal ion solution in the micelle is further mixed to the 
reversed miceliar solution A, and thus the electrocata- 
lyst can also be manufactured. In order to precipitate the 
metal ions contained in the reversed miceliar solution E, 
it is satisfactory if the aqueous solution of the precipitant 
or the reversed miceliar solution of the precipitant solu- 
tion is added thereto. 

[0037] For the organic solvent usable for forming the 
reversed micelle, a variety of solvents are usable. As 
examples of the organic solvent, there are cyclohexane, 
methylcyclohexane, cycloheptane, heptanol, octanol, 
dodecyl alcohol, cetyl alcohol, /-octane, n-heptane, n- 
hexane, n-decane, benzene, toluene, xylene, and the 
like. Moreover, for the purpose of adjusting the size of 
the droplets in the reversed miceliar solution, alcohol 
and the like may be added. Two types or more of the 
organic solvents may be used in combination as well as 
a single type thereof is used. Moreover, the organic sol- 
vent can be used for preparing both of the reversed mi- 
cellar solutions A and B. Furthermore, in the case of sup- 
plying the reversed miceliar solution as the reducing 
agent and the precipitant, the organic solvent can be 
used also for preparing these solutions. In this case, the 
organic solvent for use in one reversed miceliar solution 
and the organic solvent for use in the other reversed mi- 
cellar solution may be ones of either the same type or 
different types. 

[0038] What can be given as the surfactant forming 
the reversed miceliar solution is polyoxyethylene nonyl- 
phenyl ether, magnesium laurate, zinc caprate, zinc 
myristate, sodium phenylstearate, aluminum dicapr- 
ylate : tetraisoamylammoniumthiocyanate, tri-n-butyl-n- 



octadecylammonium formate, n-amyltri-n-butylammo- 
nium iodide, sodium bis(2-ethylhexyl)succinate, sodium 
dinonylnaphthalenesulfonate, calcium cetylsulfate, do- 
decylamine oleate, dodecylamine propionate, cetyltri- 

5 methylammonium bromide, stearyltrimethylammonium 
bromide, cetyltrimethylammonium chloride, stearyltri- 
methylammonium chloride, dodecyltrimethylammoni- 
um bromide, octadecyltrimethylammonium bromide, 
dodecyltrimethylammonium chloride, octadecyltrimeth- 

10 ylammonium chloride, didodecyldimethylammonium 
bromide, ditetradecyldimethylammonium bromide, 
ditetradecyldimethylammonium chloride, (2-octyloxy- 
1-octyloxymethyl)polyoxyethylene ethyl ether, and the 
like. The surfactant can also be used for preparing both 

is of the reversed miceliar solutions, and two types or more 
thereof can be used in combination. Note that an added 
amount of the surfactant to the organic solvent is 10 to 
300 mass parts with respect to 100 mass parts of the 
organic solvent. When the added amount is lowered 

20 than 10 mass parts, it becomes difficult to form the re- 
versed micelle. Meanwhile, when the added amount ex- 
ceeds 300 mass parts, a rod-shaped micelle is formed, 
and it becomes difficult to control the particle diameter 
of the noble metal to a specific size. 

25 [0039] As described above, the noble metal is at least 
one selected from the group consisting of platinum, pal- 
ladium, rhodium, osmium, ruthenium and iridium. Sup- 
ply sources of the ions of these noble metals are not 
particularly limited, and compounds containing these 

30 jons can be widely used. As examples of such com- 
pounds, there can be given inorganic salts such as ni- 
trate, sulfate, ammonium salt, amine, carbonate, bicar- 
bonate, halide, and nitrite, carboxylate such as formate 
and oxalate, hydroxide, alkoxide, oxide, and the like, 

35 which are of the above-described noble metals. The 
compounds can be selected appropriately in accord- 
ance with types and pHs of solvents dissolving the com- 
pounds therein. Among them, the nitrate, carbonate, ox- 
ide, hydroxide and the like of the noble metals are pref- 

40 erable for industrial use. Noble metal concentration in 
the aqueous solution containing the noble metal ions in 
the micelle is preferably 0.1 to 50 % by mass, and more 
preferably, 0.5 to 20 % by mass in terms of metal. 
[0040] Moreover, as described above, as the reducing 

45 agent, there can be given hydrogen, hydrazine, sodium 
thiosulfate, citric acid, sodium citrate, L-ascorbic acid, 
sodium borohydride, formaldehyde, methanol, ethanol, 
ethylene, carbon monoxide, and the like. One that can 
be prepared as an aqueous solution, such as hydrazine, 

50 may be directly added to the reversed miceliar solution 
while adjusting concentration thereof at 0.1 to 40 % by 
mass, or a reversed miceliar solution may be prepared 
by use of the solution and added to the reversed miceliar 
solution A. When the solution has the concentration of 

55 0.1 to 40 % by mass, even if the noble metal ions are 
turned into the noble metal particle in the micelle, the 
noble metal can be dispersed in a colloidal state in the 
micelle. Note that a powder substance such as sodium 
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borohydride can be supplied as it is. A gaseous sub- 
stance at normal temperature such as hydrogen can al- 
so be supplied by bubbling. 

[0041] As the transition metal ions, as described 
above, at least one or more transition metal ions select- 
ed from the group consisting of the group of ions of va- 
nadium, chromium, manganese, iron, cobalt, nickel, 
copper and zinc are given. As examples of substances 
which form these ions, there can be given inorganic salts 
such as nitrate, sulfate, ammonium salt, amine, carbon- 
ate, bicarbonate, halide, and nitrite, carboxylate such as 
formate and oxalate, hydride, alkoxide, oxide, and the 
like, which are of the above-described noble metals. The 
compounds can be selected appropriately in accord- 
ance with types and pHs of solvents dissolving the com- 
pounds therein. 

[0042] As the precipitant, as described above, ammo- 
nia, ammonia water, tetramethyiammonium hydroxide 
and the like can be given. With regard to the ammonia 
water, the tetramethyiammonium hydroxide or the like, 
an aqueous solution thereof may be directly added to 
the reversed micellar solution while adjusting concen- 
tration of the solution at 0.1 to 30 % by mass, or a re- 
versed micellar solution may be prepared by use of the 
solution and added to the reversed micellar solution. 
Note that, when the solution has the concentration of 
0.1 to 30 % by mass, even if the transition metal ions 
are turned into the transition metal particles in the mi- 
celle, the transition metal can be dispersed in a colloidal 
state in the micelle. 

[0043] As the conductive support usable in the 
present invention, as described above, the carbon par- 
ticles are preferable. Particularly, carbon black particles 
with a BET specific su rf ace area ranging from 80 to 2000 
m 2 /g, and preferably, 250 to 1600 m 2 /g, can be given. 
As long as the BET specific surface area is within the 
above-described range, the carbon black may be fur- 
nace black, lamp black, acetylene black, channel black, 
thermal black, or the like. Moreover, ones called carbon 
nanohorn, carbon nanotube, carbon fiber and the like 
can also be used. Particularly, what is also preferably 
usable is Kentjenblack with a BET specific surface area 
ranging from 700 to 1400 m 2 /g, Vulcan with a BET spe- 
cific surface area ranging from 200 to 600 m 2 /g, graph- 
itized Kentjenblack with a BET specific surface area 
ranging from 100 to 600 m 2 /g, which is partially graphi- 
tized at high temperature, and graphitized Vulcan and 
graphitized furnace black with BET specific surface ar- 
eas ranging from 80 to 200 m 2 /g. Furthermore, in order 
to uniformly disperse the noble metal particles and to 
adjust, to a preferred state, a contact state of the carbon 
surface loading the noble metal particles thereon and 
the ionomer, it is preferable that, with regard to the par- 
ticle diameter of the carbon particles, a size of primary 
particles be 30 to 100 nm. However, the primary parti- 
cles may coagulate to form particles with a size of 0.1 
to 1 pm. Note that it is more preferable that the carbon 
particles be one, in which attachments on the surface of 



12 

the support is cleaned by an alkaline solution such as a 
sodium hydroxide solution, a potassium hydroxide so- 
lution and a calcium hydroxide solution, and oil attached 
and impurities mixed in the manufacturing process is re- 
5 moved. 

[0044] When the reducing agent is added to the re- 
versed micellar solution A, the noble metal ions are 
turned into the noble metal particles, and when the re- 
versed micellar solution E is added to the precipitant, 

10 the transition metal ions are turned into the transition 
metal particles. Therefore, as an addition order of the 
reversed micellar solution A, reversed micellar solution 
E, reducing agent and precipitant, the following (i) to (iv) 
can be given, (i) To the reversed micellar solution A, the 

*5 reducing agent or the reversed micellar solution B con- 
taining the reducing agent is added, the reversed micel- 
lar solution E is added to the mixture, and then, the pre- 
cipitant or the reversed micellar solution I containing the 
precipitant is added (refer to FIG. 8). (ii) To a mixed so- 

20 lution of the reversed micellar solution A and reversed 
micellar solution E, the reducing agent or the reversed 
micellar solution B containing the reducing agent is first 
added, and then, the precipitant or the reversed micellar 
solution I containing the precipitant is added (refer to 

25 FIG. 4). (iii) To a mixed solution of the reversed micellar 
solution A and reversed micellar solution E, the precip- 
itant or the reversed micellar solution I containing the 
precipitant is first added, and then, the reducing agent 
or the reversed micellar solution B containing the reduc- 

30 ing agent is added (refer to FIG. 9). (iv) To the reversed 
micellar solution E, the precipitant or the reversed mi- 
cellar solution I containing the precipitant is added, the 
reversed micellar solution A is added to the mixture, and 
then, the reducing agent or the reversed micellar solu- 

35 tion B containing the reducing agent is further added. In 
this case, when the conductive support is added to the 
solutions obtained through the above-described steps 
(i) to (iv), the complex metal particles composed of the 
noble metal and the transition metal are attached onto 

^o the surface of the support. Note that, in FIG. 9, (K) indi- 
cates a reversed micellar solution containing a precipi- 
tated particle 15a and the noble metal ion solution in a 
micelle 15, and (L) indicates a reversed micellar solution 
containing a transition metal particle 16a and the noble 

45 metal ion solution in a micelle 1 6. Moreover, in FIG. 10, 
(M) indicates a reversed micellar solution containing a 
precipitated particle 17a in a micelle 17, and (N) indi- 
cates a reversed micellar solution containing a transition 
metal particle 18a in a micelle 18. 

so [0045] However, the present invention is not limited to 
such modes as described above, and the conductive 
support may be added in any step prior to the described 
steps. Preferably, the conductive support is added to the 
reversed micellar solution A, both are mixed to form a 

55 uniform solution, and the above-described solutions and 
the like are sequentially added thereto. When the sup- 
port is added to the reversed micellar solution A, the mi- 
celles containing the noble metal ion solution therein are 
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uniformly attached onto the surface of the support, and 
the reducing agent is added thereto in this state. Accord- 
ingly, the noble metal particles can be loaded on the sur- 
face of the support while dispersibility thereof being 
maintained. As specific orders, the following (v) to (vii) 
can be given, (v) The conductive support is added to the 
reversed micellar solution A, and thereafter, the reduc- 
ing agent or the reversed micellar solution B containing 
the reducing agent is added. Then, the reversed micellar 
solution E is added to the mixture, and subsequently, 
the precipitant or the reversed micellar solution I con- 
taining the precipitant is added, (vi) The conductive sup- 
port is added to the reversed micellar solution A, and 
thereafter, the reversed micellar solution E is added. 
Then, the reducing agent or the reversed micellar solu- 
tion B containing the reducing agent is added to the mix- 
ture, and subsequently, the precipitant or the reversed 
micellar solution I containing the precipitant is added, 
(vii) The conductive support is added to the reversed 
micellar solution A, and thereafter, the reversed micellar 
solution E is added. Then, the precipitant orthe reversed 
micellar solution I containing the precipitant is added to 
the mixture, and subsequently, the reducing agent orthe 
reversed micellar solution B containing the reducing 
agent is added. Moreover, after the support is added to 
the reversed micellar solution A, alcohols such as meth- 
anol and ethanol may be added thereto to break the mi- 
celles, thus making it possible to accelerate the loading 
of the noble metal particles onto the surface of the sup- 
port. 

[0046] Furthermore, a method may also be used, in 
which the conductive support is added to the reversed 
micellar solution E, both are mixed to form a uniform so- 
lution, and the above-described solutions and the like 
are sequentially added thereto. Specifically, the follow- 
ing method can be given, (viii) The conductive support 
is added to the reversed micellar solution E, and there- 
after, the precipitant or the reversed micellar solution I 
containing the precipitant is added. Then, the reversed 
micellar solution A is added to the mixture, and subse- 
quently, the reducing agent orthe reversed micellar so- 
lution B containing the reducing agent is added. 
[0047] In the present invention, after the metal parti- 
cles are attached onto the surface of the support, the 
support is isolated from the solution, and the support is 
dried. As a drying method, for example, spontaneous 
drying, evaporation to dryness, drying by using a rotary 
evaporator, a spray dryer and a drum dryer, and the like 
can be used. It is satisfactory if a drying time is selected 
appropriately in accordance with a method to be used. 
According to cases, the support may be dried in the cal- 
cinating step without performing the drying step. It is sat- 
isfactory if the calcinating subsequently performed is 
performed at a temperature of 600 to 11 00 °C for 30 to 
180 minutes under an inert gas atmosphere. 
[0048] Meanwhile, when the conductive support is the 
carbon particles, as the calcinating step, it is preferable 
to perform a step of performing the calcinating at 600 to 



1100 °C, and preferably, 630 to 830 °C under the inert 
gas atmosphere, followed by holding at 400 to 600 °C, 
and preferably 500 to 600 °C. As inert gas, argon, nitro- 
gen, helium and the like are usable. In such a way, con- 
5 trol can be performed so that the oxidation of the carbon 
cannot proceed. 

[0049] In the electrocatalyst of the present invention, 
the noble metal particles with a mean particle diameter 
ranging from 1 to 1 0 nm can be highly dispersed on the 

10 surface of the carbon support. Accordingly, the area of 
the active surface effective in the electrode reaction is 
increased, and the catalyst is excellent in performance. 
Moreover, the metal particles are loaded on the surface 
of the support with the micelles interposed therebe- 

15 tween, and therefore, the interval among the metal par- 
ticles can be set to 10 to 100 nm, and the contact effi- 
ciency of the catalyst particles and the ionomer can be 
set in a suitable state. Thus, the catalyst is far more ex- 
cellent in performance. 

20 [0050] The composition of the catalyst particle can be 
uniformed, and accordingly, the coagulation of the par- 
ticles, which is accompanied with the alloying, is also 
restricted, and the dispersion state can be suitably main- 
tained. Therefore, even after being subjected to the cal- 

25 cinating step under the inert gas atmosphere, the com- 
plex metal particles are loaded in a highly dispersed 
state without coagulating or sintering. 
[0051] Moreover, the catalyst particles loaded in the 
fine pores with a diameter of 1 0 nm or less in the con- 

30 ductive catalyst can be decreased to a great extent. Ac- 
cordingly, the noble metal particles and the complex 
metal particles, which are in sufficient contact with the 
electrolyte, are increased, thus making it also possible 
to decrease a usage amount of the noble metal to a 

35 great extent. 

[0052] The electrocatalyst of the present invention is 
particularly suitable as an air-electrocatalyst. The elec- 
trocatalyst of the present invention accelerates growth 
of a Pt (111) crystal surface by loading the noble metal 

40 particles or the complex metal particles on the carbon 
particles in a highly dispersed state. Accordingly, the 
electrocatalyst can obtain high oxygen reduction activi- 
ty. 

[0053] In the conventional electrocatalyst, in a poten- 
45 tial excited state where a potential is 0.7V or more in a 
strong acid electrolyte, the catalyst metal is apt to coag- 
ulate because the catalyst metal loaded on the surface 
of the support is isolated, and a gap occurs locally in the 
catalyst layer. Therefore, in some cases, the effective 
50 catalyst area is lowered, thus hindering the efficiency of 
the fuel cell. On the contrary, the electrocatalyst of the 
present invention can be adjusted to a particle diameter 
with which the catalyst is hard to dissolve even under 
such an environment. Therefore, the electrocatalyst of 
55 the present invention is excellent also in durability. 

[0054] Furthermore, the method of manufacturing the 
electrocatalyst according to the present invention accel- 
erates the crystal growth of the noble metal by means 
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of the heat treatment, and further, solidly solves the tran- 
sition metal to the noble metal, thus accelerating the al- 
loying. Hence, a high activity electrocatalyst can be ob- 
tained. Moreover, for the method, it is easy to further 
include a step of oxidizing the metal particles, and an 5 
electrocatalyst can be formed, in which oxide films are 
formed on the surfaces of the noble metal particles and 
complex metal particles. 

[0055] The present invention will be specifically de- 
scribed below based on examples. Note that the present 
invention is not solely limited to these examples. 

(Example 1) 

[0056] The reversed micellar solution A was prepared 
in the following manner. As a surfactant, polyoxyethyl- 
ene (5) nonylphenyl ether of 44 g was used. To the sur- 
factant, cyclohexanewas added to make up to 1 .0 L(0.1 
mol/L), and was stirred. To a mixture thereof, a platinum 
chloride solution of 13.2 g with a Pt concentration of 32 
% by mass was added, and was stirred for an hour until 
becoming transparent. Thus, the reversed micellar so- 
lution A was prepared. 

[0057] The reversed micellar solution B was prepared 
in the following manner. As a surfactant, polyoxyethyl- 
ene (5) nonylphenyl ether of 44 g was used. To the sur- 
factant, cyclohexanewas added to make up to 1 .0 L (0.1 
mol/L), and was stirred. To a mixture thereof, a hydra- 
zine solution of 15 ml with a concentration of 0.5 % by 
mass was added, and stirred for an hour. Thus, the re- 
versed micellar solution B was prepared. 
[0058] Subsequently, to the reversed micellar solution 
A, the reversed micellar solution B was mixed. Further, 
carbon black (Ketjenblack EC600JD made by Ketjen- 
black International Corporation) of 4.2 g with a BET spe- 
cific surface area of 1270 m 2 /g was mixed thereto and 
stirred for an hour, and was then stirred and matured for 
24 hours. 

[0059] Thereafter, centrifugal separation was per- 
formed for the precipitate for six hours by use of a cen- 
trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi . Ltd.). A precipitate was filtered, followed by wash- 
ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 
creased pressure, pulverized in a mortar, and calcinated 
for five hours at 600 °C under an argon atmosphere. 
Thus, an electrocatalyst was obtained. Note that the re- 
versed micellar solutions in this example were added in 
the order shown in FIG. 3. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 
electrocatalyst obtained is shown in FIG. 11 A. 

(Example 2) 

[0060] In a similar way to that of Example 1 , the re- 
versed micellar solution A and the reversed micellar so- 
lution B were prepared. 

[0061] The reversed micellar solution E was prepared 



in the following manner. As a surfactant, polyoxyethyl- 
ene (5) nonylphenyl ether of 44 g was used. To the sur- 
factant, cyclohexane was added to make up to 1 .0 L (0. 1 
mol/L), and was stirred. To a mixture thereof, a cobalt 
nitrate (Co(N0 3 ) 2 -6H 2 0) solution of 13.2 g with a cobalt 
nitrate concentration of 16 % by mass was added, and 
was stirred for an hour until becoming transparent. 
Thus, the reversed micellar solution E was obtained. 
[0062] The reversed micellar solution I was prepared 
in the following manner. As a surfactant, polyoxyethyl- 
ene (5) nonylphenyl ether of 44 g was used. To the sur- 
factant, cyclohexane was added to make up to 1 .0 L (0. 1 
mol/L), and was stirred. To a mixture thereof, an ammo- 
nia solution of 13.2 g with a concentration of 5 % by 
mass was added, and stirred for an hour. Thus, the re- 
versed micellar solution I was prepared. 
[0063] To the reversed micellar solution A, the re- 
versed micellar solution B was mixed, and stirred for an 
hour. Thus, a solution containing platinum particles in 
the reversed micelles was obtained. 
[0064] While agitating the mixed solution, the re- 
versed micellar solution E was further added thereto and 
stirred for an hour, and then the reversed micellar solu- 
tion I was added and stirred for an hour. Thus, a solution 
containing platinum particles and cobalt hydroxide in the 
reversed micelles was obtained. Furthermore, after ag- 
itating the solution for an hour, carbon black (Ketjen- 
black EC600JD made by Ketjenblack International Cor- 
poration) of 4.2 g with a BET specific surface area of 
1270 m 2 /g was mixed thereto and stirred for an hour, 
and was then stirred and matured for 24 hours. 
[0065] Thereafter, centrifugal separation was per- 
formed forthe precipitate for six hours by use of the cen- 
trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi, Ltd.). A precipitate was filtered, followed by wash- 
ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 
creased pressure, pulverized in a mortar, and calcinated 
for five hours at 930 °C under an argon atmosphere, 
and further calcinated for five hours at 595 °C. Thus, an 
electrocatalyst (Pto 7 5Co 025 ) was obtained. Note that 
the reversed micellar solutions in this example were 
added in the order shown in FIG. 8. A mean particle di- 
ameter of the noble metal and mass activity of the cat- 
alyst in the electrocatalyst obtained is shown in FIG. 
11A. 

(Example 3) 

[0066] In a similar way to those of Examples 1 and 2, 
the reversed micellar solution A, the reversed micellar 
solution B, the reversed micellar solution E and the re- 
versed micellar solution I were prepared. 
[0067] To the reversed micellar solution A, the re- 
versed micellar solution E was mixed, and stirred for an 
hour. 

[0068] While agitating the mixed solution, the re- 
versed micellar solution B was added thereto and stirred 



15 



20 



25 



30 



35 



40 



45 



50 



9 



BNSDOCID: <EP 1494304A1_I_> 



17 



EP 1 494 304 A1 



18 



for an hour, and then the reversed micellar solution I was 
further added and stirred for an hour. Thus, a solution 
containing platinum particles and cobalt hydroxide in the 
reversed micelles was obtained. Furthermore, carbon 
black (Ketjenblack EC600JD made by Ketjenblack In- 
ternational Corporation) of 4.2 g with a BET specific sur- 
face area of 1270 m 2 /g was mixed thereto and stirred 
for an hour, and was then stirred and matured for 24 
hours. 

[0069] Thereafter, centrifugal separation was per- 
formed for the precipitate for six hours by use of the cen- 
trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi : Ltd.). A precipitate was filtered, followed by wash- 
ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 
creased pressure, pulverized in a mortar, calcinated for 
five hours at 930 °C under an argon atmosphere, and 
further calcinatedforfive hours at595 °C. Thus, an elec- 
trocatalyst (Pto 75 Co 0 25 ) was obtained. Note that the re- 
versed micellar solutions in this example were added in 
the order shown in FIG. 4. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 
electrocatalyst obtained is shown in FIG. 11 A. 

(Example 4) 

[0070] In a similar way to those of Examples 1 and 2, 
the reversed micellar solution A, the reversed micellar 
solution B, the reversed micellar solution E and the re- 
versed micellar solution I were prepared. 
[0071] To the reversed micellar solution A, the re- 
versed micellar solution B was mixed, and stirred for an 
hour. 

[0072] While stirring the mixed solution, the reversed 
micellar solution I was added thereto and stirred for an 
hour, and then the reversed micellar solution B was fur- 
ther added and stirred for an hour. Thus, a solution con- 
taining platinum particles and cobalt hydroxide in the re- 
versed micelles was obtained. Furthermore, carbon 
black (Ketjenblack EC600JD made by Ketjenblack In- 
ternational Corporation) of 4.2 g with a BET specific sur- 
face area of 1270 m 2 /g was mixed thereto and stirred 
for an hour, and was then stirred and matured for 24 
hours. 

[0073] Thereafter, centrifugal separation was per- 
formed for the precipitate for six hours by use of the cen- 
trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi, Ltd.). A precipitate was filtered, followed by wash- 
ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 
creased pressure, pulverized in a mortar, calcinated for 
five hours at 930 °C under an argon atmosphere, and 
further calcinatedforfive hours at 595 °C. Thus, an elec- 
trocatalyst (Pto 75 Co 0 25 ) was obtained. Note that the re- 
versed micellar solutions in this example were added in 
the order shown in FIG. 9. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 
electrocatalyst obtained is shown in FIG. 11 A. 



(Example 5) 

[0074] In a similar way to those of Examples 1 and 2, 
the reversed micellar solution A, the reversed micellar 
5 solution B, the reversed micellar solution E and the re- 
versed micellar solution I were prepared. 
[0075] To the reversed micellar solution E, the re- 
versed micellar solution I was mixed, and stirred for an 
hour. 

10 [0076] While agitating the mixed solution, the re- 
versed micellar solution A was added thereto and stirred 
for an hour, and then the reversed micellar solution B 
was further added and stirred for an hour. Thus, a solu- 
tion containing platinum particles and cobalt hydroxide 
15 in the reversed micelles was obtained. Furthermore, 
carbon black (Ketjenblack EC600JD made by Ketjen- 
black International Corporation) of 4.2 g with a BET spe- 
cific surface area of 1270 m 2 /g was mixed thereto and 
stirred for an hour, and was then stirred and matured for 
20 24 hours. 

[0077] Thereafter, centrifugal separation was per- 
formed for the precipitate for six hours by use of the cen- 
trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi, Ltd.). A precipitate was filtered, followed by wash- 
es ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 
creased pressure, pulverized in a mortar, calcinated for 
five hours at 930 °C under an argon atmosphere, and 
further calcinatedforfive hours at 595 °C.Thus, an elec- 
30 trocatalyst (Pt 0 75 Co 0 25 ) was obtained. Note that the re- 
versed micellar solutions in this example were added in 
the order shown in FIG. 1 0. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 
electrocatalyst obtained is shown in FIG. 11 A. 

35 

(Example 6) 

[0078] The reversed micellar solution E was obtained 
by adding a cobalt nitrate (Co(N0 3 ) 2 -6H 2 0) solution of 

40 26.3 g with a cobalt nitrate concentration of 16 % by 
mass. Other than the above, the reversed micellar so- 
lutions were prepared in a similar way to that of Example 
2. Thus, an electrocatalyst (Pto 50 Co 0 50 ) was obtained. 
A mean particle diameter of the noble metal and mass 

^5 activity of the catalyst in the electrocatalyst obtained is 
shown in FIG. 11A. 

(Example 7) 

50 [0079] Instead of the cobalt nitrate (Co(N0 3 ) 2 .6H 2 0) 
solution of 13.2 g with a cobalt nitrate concentration of 
1 6 % by mass, a chromium nitrate (Cr(N0 3 ) 2 -9H 2 0) so- 
lution of 1 8.1 g with a chromium nitrate concentration of 
1 6 % by mass was used, and thus the reversed micellar 

55 solution E was obtained. Other than the above, an elec- 
trocatalyst (Pt 0 75 Cr 0 25 ) was obtained in a similar way 
to that of Example 2. A mean particle diameter of the 
noble metal and mass activity of the catalyst in the elec- 
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trocatalyst obtained is shown in FIG. 11 A. 
(Example 8) 

[0080] Instead of the cobalt nitrate (Co(N0 3 ) 2 -6H 2 0) 
solution of 13.2 g with a cobalt nitrate concentration of 
16 % by mass, a manganese nitrate (Mn(N0 3 ) 2 *6H 2 0) 
solution of 13.0 g with a manganese nitrate concentra- 
tion of 16 % by mass was used, and thus the reversed 
micellar solution E was obtained. Other than the above, 
an operation was performed in a similar way to that of 
Example 2, and an electrocatalyst (Pt 0 75 Mn 0 25 ) was 
obtained. A mean particle diameter of the noble metal 
and mass activity of the catalyst in the electrocatalyst 
obtained is shown in FIG. 11 A. 

(Example 9) 

[0081] Instead of the cobalt nitrate (Co(N0 3 ) 2 -6H 2 0) 
solution of 13.2 g with a cobalt nitrate concentration of 
1 6 % by mass, a ferric nitrate (Fe(N0 3 ) 3 -9H 2 0) solution 
of 18.2 g with a ferric nitrate concentration of 16 % by 
mass was used, and thus the reversed micellar solution 
E was obtained. Other than the above, an operation was 
performed in a similar way to that of Example 2, and an 
electrocatalyst (Pto. 7 5Fe 0 25 ) was obtained. A mean par- 
ticle diameter of the noble metal and mass activity of the 
catalyst in the electrocatalyst obtained is shown in FIG. 
11A. 

(Example 10) 

[0082] Instead of the cobalt nitrate (Co(N0 3 ) 2 -6H 2 0) 
solution of 13.2 g with a cobalt nitrate concentration of 
16 % by mass, a nickel nitrate (Ni(N0 3 ) 2 -6H 2 0) solution 
of 13.1 g with a nickel nitrate concentration of 16 % by 
mass was used, and thus the reversed micellar solution 
E was obtained. Other than the above, an operation was 
performed in a similar way to that of Example 2, and an 
electrocatalyst (Pt 0 75 Ni 0 25 ) was obtained. A mean par- 
ticle diameter of the noble metal and mass activity of the 
catalyst in the electrocatalyst obtained is shown in FIG. 
11A. 

(Example 11) 

[0083] The reversed micellar solution A was prepared 
in the following manner. As a surfactant, polyoxyethyl- 
ene (5) nonylphenyl ether of 44 g was used. To the sur- 
factant, cyclohexanewas added to make up to 1 .0 L (0.1 
moI/L), and was stirred. To a mixture thereof, a dinitro- 
diammine platinum nitrate solution of 52.8 g with a Pt 
concentration of 8 % by mass was added, and was 
stirred for an hour until becoming transparent. Thus, the 
reversed micellar solution A was prepared. 
[0084] The reversed micellar solution B was prepared 
in the following manner. As a surfactant, polyoxyethyl- 
ene (5) nonylphenyl ether of 44 g was used. To the sur- 



factant, cyclohexane was added to make up to 1 .0 L (0. 1 
mol/L), and was stirred. To a mixture thereof, a hydra- 
zine solution of 15 ml with a concentration of 0.5 % by 
mass was added, and stirred for an hour. Thus, the re- 

5 versed micellar solution B was prepared. 

[0085] Subsequently, to the reversed micellar solution 
A, the reversed micellar solution B was mixed. Further, 
carbon black (Ketjenblack EC made by Ketjenblack In- 
ternational Corporation) of 12.7 g with a BET specific 

10 surface area of 805 m 2 /g was mixed thereto and stirred 
for an hour, and was then stirred and matured for 24 
hours. 

[0086] Thereafter, centrifugal separation was per- 
formed for the precipitate for six hours by use of the cen- 

15 trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi, Ltd.). A precipitate was filtered, followed by wash- 
ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 
creased pressure, pulverized in a mortar, and calcinated 

20 for five hours at 300 °C under an argon atmosphere. 
Thus, an electrocatalyst was obtained. Note that the re- 
versed micellar solutions in this example were added in 
the order shown in FIG. 3. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 

25 electrocatalyst obtained is shown in FIG. 11 A. 

(Example 12) 

[0087] In a similar way to that of Example 11 , the re- 
30 versed micellar solution A and the reversed micellar so- 
lution B were prepared. 

[0088] The reversed micellar solution E was prepared 
in the following manner. As a surfactant, polyoxyethyl- 
ene (5) nonylphenyl ether of 44 g was used. To the sur- 
35 factant, cyclohexanewas added to make up to 1 .0 L (0.1 
mol/L), and was stirred. To a mixture thereof, a cobalt 
nitrate (Co(N0 3 ) 2 -6H 2 0) solution of 13.2 g with a cobalt 
nitrate concentration of 16 % by mass was added, and 
was stirred for an hour until becoming transparent. 
40 Thus, the reversed micellar solution E was obtained. 
[0089] The reversed micellar solution I was prepared 
in the following manner. As a surfactant, polyoxyethyl- 
ene (5) nonylphenyl ether of 44 g was used. To the sur- 
factant, cyclohexane was added to make up to 1 .0 L (0. 1 
45 mol/L), and was stirred. To a mixture thereof, a tetram- 
ethylammonium hydroxide solution of 13.2 g with a con- 
centration of 5 % by mass was added, and stirred for an 
hour until becoming transparent. Thus : the reversed mi- 
cellar solution I was prepared. 
50 [0090] To the reversed micellar solution A, the re- 
versed micellar solution B was mixed and stirred for an 
hour. Further, carbon black (Ketjenblack EC made by 
Ketjenblack International Corporation) of 12.7 g with a 
BET specific surface area of 805 m 2 /g was mixed there- 
55 to and stirred for an hour, and was then stirred and ma- 
tured for 24 hours. 

[0091] While agitating the mixed solution, the re- 
versed micellar solution E was added thereto and stirred 
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for an hour. The reversed miceliar solution I was further 
added thereto and stirred for an hour, and was then 
stirred and matured for 24 hours. 
[0092] Thereafter, centrifugal separation was per- 
formed for the precipitate for six hours by use of the cen- 
trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi Ltd.). A precipitate was filtered, followed by wash- 
ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 
creased pressure, pulverized in a mortar, and calcinated 
for two hours at 630 °C under an argon atmosphere, and 
further calcinatedfortwo hours at580 °C. Thus, an elec- 
trocatalyst (Pto 75 Co 0 25 ) was obtained. Note that the re- 
versed miceliar solutions in this example were added in 
the order shown in FIG. 8. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 
electrocatalyst obtained is shown in FIG. 11 A. 

(Example 13) 

[0093] In a similar way to that of Example 12, the re- 
versed miceliar solution A, the reversed miceliar solu- 
tion B and the reversed miceliar solution I were pre- 
pared. Further, instead of the cobalt nitrate (Co 
(N0 3 ) 2 -6H 2 0) solution of 1 3.2 g with a cobalt nitrate con- 
centration of 16 % by mass, a iridium chloride solution 
of 35.2 g with an iridium chloride concentration of 4 % 
by mass was used, and thus the reversed miceliar so- 
lution E was obtained. 

[0094] To the reversed miceliar solution E, the re- 
versed miceliar solution I was mixed, and stirred for an 
hour. Thus, a solution containing a complex compound 
of iridium hydroxide in the reversed micelles was ob- 
tained. To this solution, carbon black (Ketjenblack EC 
made by Ketjenblack International Corporation) of 12.7 
g with a BET specific surface area of 805 m 2 /g was 
mixed, and stirred for an hour, and was then stirred and 
matured for 24 hours. 

[0095] While agitating the mixed solution, the re- 
versed miceliar solution A was further added thereto and 
stirred for an hour, and then the reversed miceliar solu- 
tion B was added thereto. Thus : a solution containing 
platinum particles in the reversed micelles was ob- 
tained. This solution was stirred for an hour, followed by 
agitation and maturing for 24 hours. 
[0096] Thereafter, centrifugal separation was per- 
formed for the precipitate for six hours by use of the cen- 
trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi Ltd.). A precipitate was filtered, followed by wash- 
ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 
creased pressure, pulverized in a mortar, calcinated for 
two hours at 630 °C under an argon atmosphere, and 
further calcinated for two hours at580 °C. Thus, an elec- 
trocatalyst (Pt 0 75 lr 0 25 ) was obtained. Note that the re- 
versed miceliar solutions in this example were added in 
the order shown in FIG. 10. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 



electrocatalyst obtained is shown in FIG. 11 A. 
(Example 14) 

5 [0097] Instead of the carbon black (Ketjenblack EC 
made by Ketjenblack International Corporation) with a 
BET specific surface area of 805 m 2 /g, Vulcan XC72 
(made by Cabot Corporation) with a BET specific sur- 
face area of 280 m 2 /g was mixed. Other than the above, 

10 an operation was performed in a similar way to that of 
Example 11 , and thus an electrocatalyst was obtained. 
A mean particle diameter of the noble metal and mass 
activity of the catalyst in the electrocatalyst obtained is 
shown in FIG. 11A. 

15 

(Example 15) 

[0098] Instead of the carbon black (Ketjenblack BC 
made by Ketjenblack International Corporation) with a 

20 BET specific surface area of 805 m 2 /g ; Acetylene Black 
(made by Cabot Corporation) with a BET specific sur- 
face area of 1 20 m 2 /g was mixed. Other than the above, 
an operation was performed in a similar way to that of 
Example 11, and thus an electrocatalyst was obtained. 

25 a mean particle diameter of the noble metal and mass 
activity of the catalyst in the electrocatalyst obtained is 
shown in FIG. 11A. 

(Example 16) 

30 

[0099] Instead of the carbon black (Ketjenblack EC 
made by Ketjenblack International Corporation) with a 
BET specific surface area of 805 m 2 /g, Vulcite (made by 
Cabot Corporation) with a BET specific surface area of 
35 1 80 m 2 /g was mixed. Other than the above, an operation 
was performed in a similar way to that of Example 11 , 
and thus an electrocatalyst was obtained. A mean par- 
ticle diameter of the noble metal and mass activity of the 
catalyst in the electrocatalyst obtained is shown in FIG. 

40 11A. 

(Example 17) 

[0100] Instead of the carbon black (Ketjenblack EC 
45 made by Ketjenblack International Corporation) with a 
BET specific surface area of 805 m 2 /g, Furnace Black 
(Denka Black made by Denki Kagaku Kogyo Kabushiki 
Kaisha) with a BET specific surface area of 120 m 2 /g 
was mixed. Other than the above, an operation was per- 
50 formed in a similar way to that of Example 11 , and thus 
an electrocatalyst was obtained. A mean particle diam- 
eter of the noble metal and mass activity of the catalyst 
in the electrocatalyst obtained is shown in FIG. 11 A. 

55 (Example 18) 

[0101] Instead of the carbon black (Ketjenblack EC 
made by Ketjenblack International Corporation) with a 
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BET specific surface area of 805 m 2 /g, graphitized 
Ketjenblack EC with a BET specific surface area of 1 25 
m 2 /g was mixed. Other than the above, an operation 
was performed in a similar way to that of Example 11, 
and thus an electrocatalyst was obtained. A mean par- 5 
tide diameter of the noble metal and mass activity of the 
catalyst in the electrocatalyst obtained is shown in FIG. 
11B. 

(Example 19) 

[0102] Instead of the carbon black (Ketjenblack EC 
made by Ketjenblack International Corporation) with a 
BET specific surface area of 805 m 2 /g, graphitized 
Ketjenblack EC600JD with a BET specific surface area 
of 225 m 2 /g was mixed. Other than the above, an oper- 
ation was performed in a similar way to that of Example 
11, and thus an electrocatalyst was obtained. A mean 
particle diameter of the noble metal and mass activity of 
the catalyst in the electrocatalyst obtained is shown in 
FIG. 11 B. 

(Example 20) 

[0103] Instead of the carbon black (Ketjenblack EC 
made by Ketjenblack International Corporation) with a 
BET specific surface area of 805 m 2 /g, graphitized Vul- 
can XC72 with a BET specific surface area of 90 m 2 /g 
was mixed. Otherthan the above, an operation was per- 
formed in a similar way to that of Example 1 1 , and thus 
an electrocatalyst was obtained. A mean particle diam- 
eter of the noble metal and mass activity of the catalyst 
in the electrocatalyst obtained is shown in FIG. 11 B. 

(Example 21) 

[0104] Instead of the carbon black (Ketjenblack EC 
made by Ketjenblack International Corporation) with a 
BET specific surface area of 805 m 2 /g, graphitized Acet- 
ylene Black with a BET specific surface area of 85 m 2 / 
g was mixed. Other than the above, an operation was 
performed in a similar way to that of Example 11 , and 
thus an electrocatalyst was obtained. A mean particle 
diameter of the noble metal and mass activity of the cat- 
alyst in the electrocatalyst obtained is shown in FIG. 
11B. 

(Example 22) 

[0105] Instead of the carbon black (Ketjenblack EC 
made by Ketjenblack International Corporation) with a 
BET specific surface area of 805 m 2 /g, graphitized Fur- 
nace Black with a BET specific surface area of 88 m 2 /g 
was mixed. Otherthan the above, an operation was per- 
formed in a similar way to that of Example 11 , and thus 
an electrocatalyst was obtained. A mean particle diam- 
eter of the noble metal and mass activity of the catalyst 
in the electrocatalyst obtained is shown in FIG. 11 B. 



(Example 23) 

[0106] Instead of the carbon black (Ketjenblack EC 
made by Ketjenblack International Corporation) with a 
BET specific surface area of 805 m 2 /g, graphitized 
Ketjenblack EC with a BET specific surface area of 125 
m 2 /g was mixed. Other than the above, an operation 
was performed in a similar way to that of Example 2, 
and thus an electrocatalyst was obtained. Note that the 
graphitized Ketjenblack EC is one formed by graphitiz- 
ing, at 2500-2800 °C, the Ketjenblack EC (made by 
Ketjenblack International Corporation) with a BET spe- 
cific surface area of 805 m 2 /g, and is carbon black with 
a BET specific surf ace area of 125 m 2 /g. A mean particle 
diameter of the noble metal and mass activity of the cat- 
alyst in the electrocatalyst obtained is shown in FIG. 
11B. 

(Example 24) 

[0107] In a similar way to those of Example 2, the re- 
versed micellar solution A, the reversed micellar solu- 
tion B, the reversed micellar solution E and the reversed 
micellar solution I were prepared. 

[0108] To the reversed micellar solution A, the re- 
versed micellar solution B was mixed, and stirred for an 
hour. 

[0109] While agitating the mixed solution, the re- 
versed micellar solution E was added thereto and stirred 
for an hour, and then the reversed micellar solution I was 
further added and stirred for an hour. Thus, a solution 
containing platinum particles and cobalt hydroxide in the 
reversed micelles was obtained. Furthermore, the 
graphitized Ketjenblack EC was mixed thereto and 
stirred for an hour, and was then stirred and matured for 
24 hours. 

[0110] Thereafter, centrifugal separation was per- 
formed forthe precipitate for six hours by use of the cen- 
trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi, Ltd.). A precipitate was filtered, followed by wash- 
ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 
creased pressure, pulverized in a mortar, calcinated for 
two hours at 630 °C under an argon atmosphere, and 
furthercalcinated for two hours at 580 °C. Thus, an elec- 
trocatalyst (Pt 075 Co 025 ) was obtained. Note that the re- 
versed micellar solutions in this example were added in 
the order shown in FIG. 8. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 
electrocatalyst obtained is shown in FIG. 11 B. 

(Example 25) 

[0111] In a similar way to those of Example 3, the re- 
versed micellar solution A, the reversed micellar solu- 
tion B, the reversed micellar solution E and the reversed 
micellar solution I were prepared. 
[0112] To the reversed micellar solution A, the re- 
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versed micellar solution E was mixed, and stirred for an 
hour. 

[0113] While agitating the mixed solution, the re- 
versed micellar solution I was added thereto and stirred 
for an hour, and then the reversed micellar solution B 5 
was further added and stirred for an hour. Thus, a solu- 
tion containing platinum particles and cobalt hydroxide 
in the reversed micelles was obtained. Furthermore, the 
graphitized Ketjenblack EC was mixed thereto and 
stirred for an hour, and was then stirred and matured for io 
24 hours. 

[0114] Thereafter, centrifugal separation was per- 
formed for the precipitate for six hours by use of the cen- 
trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi, Ltd.). A precipitate was filtered, followed by wash- is 
ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 
creased pressure, pulverized in a mortar, calcinated for 
two hours at 630 °C under an argon atmosphere, and 
further calcinated for two hours at 580 °C. Thus, an elec- 20 
trocatalyst (P^ 75 Co 0 25 ) was obtained. Note that the re- 
versed micellar solutions in this example were added in 
the order shown in FIG. 9. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 
electrocatalyst obtained is shown in FIG. 11 B. 25 

(Example 26) 

[0115] In a similar way to those of Example 4, the re- 
versed micellar solution A, the reversed micellar solu- 30 
tion B f the reversed micellar solution E and the reversed 
micellar solution I were prepared. 
[0116] To the reversed micellar solution E, the re- 
versed micellar solution I was mixed, and stirred for an 
hour. 35 
[0117] While agitating the mixed solution, the re- 
versed micellar solution A was added thereto and stirred 
for an hour, and then the reversed micellar solution B 
was further added and stirred for an hour. Thus, a solu- 
tion containing platinum particles and cobalt hydroxide *o 
in the reversed micelles was obtained. Furthermore, the 
graphitized Ketjenblack EC was mixed thereto and 
stirred for an hour, and was then stirred and matured for 
24 hours. 

[0118] Thereafter, centrifugal separation was per- 45 
formed for the precipitate for six hours by use of the cen- 
trifugal machine (CENTRIFUGE05P-20B made by Hi- 
tachi, Ltd.). A precipitate was filtered, followed by wash- 
ing and rising using ethanol and water. A solid material 
obtained was dried for 12 hours at 85 °C under de- 50 
creased pressure, pulverized in a mortar, calcinated for 
two hours at 630 °C under an argon atmosphere, and 
further calcinated for two hours at580°C. Thus, an elec- 
trocatalyst (Pto. 75 Co 0 25 ) was obtained. Note that the re- 
versed micellar solutions in this example were added in 55 
the order shown in FIG. 10. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 
electrocatalyst obtained is shown in FIG. 11 B. 



(Example 27) 

[0119] A cobalt nitrate (Co(N0 3 ) 2 -6H 2 0) solution of 
13.2 g with a cobalt nitrate concentration of 16 % by 
mass was added, and thus the reversed micellar solu- 
tion E was obtained. Other than the above, an operation 
was performed in a similar way to that of Example 24, 
and an electrocatalyst (Pto.so Co o.5o) was obtained. A 
mean particle diameter of the noble metal and mass ac- 
tivity of the catalyst in the electrocatalyst obtained is 
shown in FIG. 11B. 

(Example 28) 

[0120] Instead of the cobalt nitrate (Co(N0 3 ) 2 -6H 2 0) 
solution of 13.2 g with a cobalt nitrate concentration of 
16% by mass, a chromium nitrate (Cr(N0 3 ) 2 -9H 2 0) so- 
lution of 1 8.1 g with a chromium nitrate concentration of 
1 6 % by mass was used, and thus the reversed micellar 
solution E was obtained. Other than the above, an op- 
eration was performed in a similar way to that of Exam- 
ple 24, and thus an electrocatalyst (Pt 0 75 Cr 0 25 ) was ob- 
tained. A mean particle diameter of the noble metal and 
mass activity of the catalyst in the electrocatalyst ob- 
tained is shown in FIG. 11B. 

(Example 29) 

[0121] Instead of the cobalt nitrate (Co(N0 3 ) 2 -6H 2 0) 
solution of 13.2 g with a cobalt nitrate concentration of 
16 % by mass, a manganese nitrate (Mn(N0 3 ) 2 -6H 2 0) 
solution of 13.0 g with a manganese nitrate concentra- 
tion of 16 % by mass was used, and thus the reversed 
micellar solution E was obtained. Other than the above, 
an operation was performed in a similar way to that of 
Example 24, and thus an electrocatalyst (Pto 75 Mn 0 25 ) 
was obtained. A mean particle diameter of the noble 
metal and mass activity of the catalyst in the electrocat- 
alyst obtained is shown in FIG. 11 B. 

(Example 30) 

[0122] Instead of the cobalt nitrate (Co(N0 3 ) 2 -6H 2 0) 
solution of 13.2 g with a cobalt nitrate concentration of 
16 % by mass, a ferric nitrate (Fe(N0 3 ) 3 -9H 2 0) solution 
of 18.2 g with a ferric nitrate concentration of 16 % by 
mass was used, and thus the reversed micellar solution 
E was obtained. Other than the above, an operation was 
performed in a similar way to that of Example 24, and 
thus an electrocatalyst (Pt 0 75 Fe 0 25 ) was obtained. A 
mean particle diameter of the noble metal and mass ac- 
tivity of the catalyst in the electrocatalyst obtained is 
shown in FIG. 11B. 

(Example 31) 

[0123] Instead of the cobalt nitrate (Co(N0 3 ) 2 .6H 2 0) 
solution of 13.2 g with a cobalt nitrate concentration of 
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1 6 % by mass, a nickel nitrate (Ni(N0 3 ) 2 -6H 2 0) solution 
of 13.1 g with a nickel nitrate concentration of 16 % by 
mass was used, and thus the reversed micellar solution 
E was obtained. Other than the above, an operation was 
performed in a similar way to that of Example 24, and 
thus an electrocatalyst (Pto .75^025) was obtained. A 
mean particle diameter of the noble metal and mass ac- 
tivity of the catalyst in the electrocatalyst obtained is 
shown in FIG. 11 B. 

(Example 32) 

[0124] Instead of the carbon black (Ketjenblack EC 
made by Ketjenblack International Corporation) with a 
BET specific surface area of 805 m 2 /g, the graphitized 
carbon black (graphitized Ketjenblack EC with a BET 
specific surface area of 125 m 2 /g, which is formed by 
graphitizing the Ketjenblack EC with a BET specific sur- 
face area of 805 m 2 /g, made by Ketjenblack Internation- 
al Corporation) was used. Other than the above, an op- 
eration was performed in a similar way to that of Exam- 
ple 13, and thus an electrocatalyst (Pt 0 75 lr 0 25 ) was ob- 
tained. A mean particle diameter of the noble metal and 
mass activity of the catalyst in the electrocatalyst ob- 
tained is shown in FIG. 11 B. 

(Comparative example 1) 

[0125] To a solution of chloroplatinic acid of 250 g, 
which contained platinum of 0.4 % by mass, carbon 
black (Vulcan XC-72 made by Cabot Corporation) of 1 .0 
g was added, and sufficiently dispersed by using a ho- 
mogenizer. To this liquid, sodium citrate of 3 g was fur- 
ther added, heated up to 80 °C by using a reflux reactor, 
and thus reduction loading of the platinum were per- 
formed. Then, the precipitate was cooled to room tem- 
perature, followed by filtering of the carbon on which the 
platinum was loaded. Thus, an electrocatalyst formed 
of the platinum-loaded carbon (loaded amount of Pt: 50 
% by mass) was obtained. A mean particle diameter of 
the noble metal and mass activity of the catalyst in the 
electrocatalyst obtained is shown in FIG. 11 B. 

(Comparative example 2) 

[0126] The platinum-loaded carbon (loaded amount 
of Pt; 50 % by mass) of 2.0 g, which was obtained in 
Comparative example 1 , was sufficiently dispersed in a 
cobalt nitrate solution of 50 ml with a cobalt nitrate con- 
centration of 1 .0 % by mass. Then, moisture was evap- 
orated from the solution by heating stir, and thus loading 
of Co was performed. Subsequently, the precipitate was 
held for four hours at 900 °C in a flow of nitrogen con- 
taining H 2 of 5% to be subjected to an alloying process, 
and an electrocatalyst (PIq^Coq 25 ) was formed. A 
mean particle diameter of the noble metal and mass ac- 
tivity of the catalyst in the electrocatalyst obtained is 
shown in FIG. 11 B. 



(Comparative examples 3 and 4) 

[0127] Instead of the carbon black (Vulcan XC-72 
made by Cabot Corporation), carbon black (Ketjenblack 

5 EC600JD made by Ketjenblack International Corpora- 
tion) with a BET specific surface area of 1270 m 2 /g was 
used. Other than the above, operations were made in 
similar ways to those of Comparative examples 1 and 
2, and thus each electrocatalyst was obtained. A mean 

10 particle diameter of the noble metal and mass activity of 
the catalyst in the electrocatalyst obtained is shown in 
FIG. 11B. 

(Comparative examples 5 and 6) 

15 

[0128] Instead of the carbon black (Vulcan XC-72 
made by Cabot Corporation), graphitized Ketjenblack 
EC with a BET specific surface area of 125 m 2 /g was 
used. Other than the above, operations were made in 
20 similar ways to those of Comparative examples 1 and 
2, and thus each electrocatalyst was obtained. Results 
are shown in FIG. 11 B. 

(Performance evaluation of electrocatalyst) 

25 

[01 29] Forthe electrocatalysts obtained in the respec- 
tive Examples 1 to 32 and Comparative examples 1 to 
6, membrane electrode assemblies (MEAs) were fabri- 
cated, and single cells of the fuel cells were measured 
30 in performance. 

[01 30] The MEAs were fabricated according to the fol- 
lowing procedure. 

[0131] With regard to a cathode, to the electrocatalyst 
according to each of the examples and comparative ex- 
35 amples, purified water and 2-propanol were added, and 
an ionomer solution containing Nation (registered trade- 
mark) was added so that an amount of ionomer content 
can be equal to weight of the carbon. Then, a mixed so- 
lution was sufficiently dispersed by a homogenizes and 
40 further subjected to defoaming. Thus, catalyst slurry 
was prepared. A predetermined amount of the catalyst 
slurry was printed by a screen printing method on one 
surface of carbon paper ("TGP-H" made by Toray Indus- 
tries, Inc.) that is a gas diffusion layer, and was then 
45 dried for 24 hours at 60 °C. Thereafter, the surface on 
which the catalyst layer was coated was set to an elec- 
trolyte membrane, and was hot-pressed for three min- 
utes at 120 °C with 0.2 MPa. In such a way, each ME A 
was fabricated. Meanwhile, with regard to an anode, 
50 each MEA was fabricated by using carbon which loads 
thereon platinum of 50% as an electrocatalyst in a sim- 
ilar manner to that for the cathode. 
[0132] In these MEAs for both of the anode and the 
cathode, usage amounts of platinum were set at 0.5 mg 
55 per apparent electrode area of 1 cm 2 , and an area of 
each electrode was set at 300 cm 2 . Moreover, as each 
electrolyte membrane, Nation 112 was used. 
[0133] The single cell of the fuel cell, which was thus 



30 



35 



40 



45 



50 



15 



BNSDOCID: <EP 1494304A1_I_> 



29 



EP 1 494 304 A1 



30 



obtained, was measured in performance according to 
the following procedure. Note that, in the event of meas- 
urement, hydrogen was supplied as fuel to the anode 
side, and the air was supplied to the cathode side. Sup- 
ply pressures for both of the gases were set at the at- 
mospheric pressure. The hydrogen and the air were hu- 
midified so as to be saturated at 80 °C and 60 °C : re- 
spectively, and cell temperature was set at 80 °C. Utili- 
zations of the hydrogen and air were set assumed at 
70% and 40%, respectively. Under these conditions, l-V 
(current density - cell voltage) characteristics were 
measured. As results of the measurement, the mass ac- 
tivities of the single cells using the electrocatalysts ac- 
cording to the respective examples and comparative ex- 
amples are shown in FIG. 1 1 . Note that, in FIG. 1 1 , the 
"mass activity" is one of indices indicating the perform- 
ance of the electrocatalyst in the fuel cell, and in general, 
a current value per Pt of 1 g at a cell voltage of 0.9V. It 
can be said that the performance of the electrocatalyst 
is higher as a value of the mass activity is larger. 
[0134] When comparison is made between the mass 
activity value of the cell using the electrocatalyst of the 
present invention and the mass activity value of the cell 
using the conventional electrocatalyst, the mass activity 
of the electrocatalyst of the present invention, which 
solely uses platinum as the noble metal (Example 1), is 
higher than that of the conventional electrocatalyst sole- 
ly using platinum as the noble metal (Comparative ex- 
ample 1). In addition, even in the case where the tran- 
sition metal is contained in the electrocatalyst, the mass 
activity of the electrocatalyst of the present invention is 
higher (refer to Example 2 and Comparative example 
4). From these, it is understood that the catalyst activity 
is improved to a great extent by loading the metal ther- 
eon by use of the reversed micelle method. 
[01 35] The entire contents of Japanese Patent Appli- 
cations No. P2003-270469 with a filing date of July 2, 
2003 and No. P2004-151927 with a filing date of May 
21, 2004 are herein incorporated by reference. 
[0136] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above will occur to these skilled in the art, in 
light of the teachings. The scope of the invention is de- 
fined with reference to the following claims. 



Claims 

1 . An electrocatalyst, comprising: 

a conductive support (31) which loads a noble 
metal thereon, 

wherein the noble metal is formed by adding 
a reducing agent for an ion of the noble metal to a 
reversed micellar solution (A) containing an aque- 
ous solution of the noble metal ion, and 



the noble metal is loaded with a mean particle 
diameter ranging from 1 to 10 nm. 

2. An electrocatalyst according to claim 1 , 

5 wherein the conductive support (31) loads a 

transition metal thereon, and 

the noble metal and the transition metal are 
loaded as a complex metal particle (14a) formed by 
mixing a first reversed micellar solution (A) contain- 

10 ing the aqueous solution of the noble metal ion and 
a second reversed micellar solution (E) containing 
an aqueous solution of an ion of the transition metal, 
and by adding the reducing agent and a precipitant 
to a mixed solution of the first reversed micellar so- 

15 lution (A) and second reversed micellar solution (B). 

3. An electrocatalyst according to claims 1 or 2, 

wherein the noble metal is at least one noble 
metal selected from the group consisting of plati- 
20 num, palladium, rhodium, osmium, ruthenium and 
iridium. 

4. An electrocatalyst according to any of claims 1 
through 3, 

25 wherein the conductive support (31 ) is carbon 

particles with a BET specific surface area ranging 
from 80 to 2000 m 2 /g. 

5. An electrocatalyst according to any of claims 2 
30 through 4, 

wherein the transition metal is at least one 
transition metal selected from the group consisting 
of vanadium, chromium, manganese, iron, cobalt, 
nickel, copper and zinc. 

35 

6. An electrocatalyst according to any of claims 2 
through 5, 

wherein a total amount of the noble metal and 
the transition metal, which are loaded on the con- 
40 ductive support (31), is within a range from 5 to 70 
% by mass per the electrocatalyst. 

7. An electrocatalyst according to claim 6, 

wherein a total amount of the noble metal and 
45 the transition metal, which are loaded on the con- 
ductive support (31 ), is within a range from 1 0 to 50 
% by mass per the electrocatalyst. 

8. An electrocatalyst according to any of claims 1 
50 through 7, 

wherein the electrocatalyst is used for a fuel 

cell. 

9. A method of manufacturing an electrocatalyst, com- 
55 prising: 

preparing a reversed micellar solution (A) con- 
taining an aqueous solution of a noble metal 
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ion; 

reducing the noble metal ion to a noble metal 
by adding a reducing agent to the reversed mi- 
cellar solution (A); and 

adding a conductive support (31) to the re- 
versed micellar solution (A). 

10. A method of manufacturing an electrocatalyst ac- 
cording to claim 9, 

wherein, after preparing the reversed micellar 
solution (A), the reducing agent is added thereto, 
and a conductive support (31) is then added there- 
to. 

11. A method of manufacturing an electrocatalyst ac- 
cording to claim 9, 

wherein, after preparing the reversed micellar 
solution (A), the conductive support (31) is added 
thereto, and the reducing agent is then added there- 
to. 

12. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 9 through 11 , 

wherein the noble metal is at least one noble 
metal selected from the group consisting of plati- 
num, palladium, rhodium, osmium, ruthenium and 
iridium. 

13. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 9 through 12. 

wherein the conductive support (31 ) is carbon 
particles with a BET specific surface area ranging 
from 80 to 2000 m 2 /g. 

14. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 9 through 13, 

wherein the conductive support (31) is one in 
which an attachment on a surface of the support 
(31) is rinsed off by an alkaline solution. 



17. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 9 through 16, 

wherein the reducing agent is added as a re- 
versed micellar solution (B) containing an aqueous 
5 solution of the reducing agent. 

18. A method of manufacturing an electrocatalyst, com- 
prising: 

10 preparing a first reversed micellar solution (A) 

containing an aqueous solution of a noble metal 
ion; 

reducing the noble metal ion to a noble metal 
by adding a reducing agent to the first reversed 
*5 micellar solution (A); 

preparing a second reversed micellar solution 
(E) containing an aqueous solution of a transi- 
tion metal ion; 

preparing a transition metal from the transition 
20 metal ion by adding a precipitant to the second 

reversed micellar solution (E); and 
loading a complex metal particle (14a) com- 
posed of the noble metal and the transition met- 
al on a conductive support (31). 

25 

19. A method of manufacturing an electrocatalyst ac- 
cording to claim 1 8, 

wherein, after adding the reducing agent to 
the first reversed micellar solution (A), the second 
30 reversed micellar solution (E) is added thereto, and 
the precipitant is then added thereto, so that the 
complex metal particles (14a) are generated, and 
the complex metal particles (14a) are loaded 
on the conductive support (31) by dispersing the 
35 conductive support (31) into a solution containing 
the complex metal particles (14a). 

20. A method of manufacturing an electrocatalyst ac- 
cording to claim 18, 

wherein, after adding the second reversed mi- 
cellar solution (E) to the first reversed micellar so- 
lution (A) : the reducing agent is added, and the pre- 
cipitant is then added, so that the complex metal 
particles (14a) are generated, and 

the complex metal particles (14a) are loaded 
on the conductive support (31) by dispersing the 
conductive support (31) into a solution containing 
the complex metal particles (14a). 

21. A method of manufacturing an electrocatalyst ac- 
cording to claim 18, 

wherein, after adding the second reversed mi- 
cellar solution (B) to the first reversed micellar so- 
lution (A) : the precipitant is added, and the reducing 
agent is then added, so that the complex metal par- 
ticles (14a) are generated, and 

the complex metal particles (14a) are loaded 
on the conductive support (31) by dispersing the 



40 

15. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 9 through 14, further com- 
prising: 

separating the conductive support (31) which *5 
loads the noble metal thereon: 
rinsing and drying the conductive support (31) 
filtered; and 

calcinating the conductive support (31 ) dried at 
600 to 1 1 00 °C under an inert atmosphere, and so 
further holding the conductive support (31) at 
400 to 600 °C. 

16. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 9 through 15, 55 

wherein the aqueous solution contains two 
types or more of noble metal ions. 
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conductive support (31) into a solution containing 
the complex metal particles (14a). 

22. A method of manufacturing an electrocatalyst ac- 
cording to claim 18 : 5 

wherein, after adding the precipitant to the 
second reversed micellar solution (E), the first re- 
versed micellar solution (A) is added, and the re- 
ducing agent is then added, so that the complex 
metal particle (14a) are generated, and 10 

the complex metal particle (14a) are loaded 
on the conductive support (31) by dispersing the 
conductive support (31) into a solution containing 
the complex metal particle (14a). 

15 

23. A method of manufacturing an electrocatalyst ac- 
cording to claim 18, 

wherein, after adding the conductive support 
(31) to the first reversed micellar solution (A), and 
dispersing micelles containing the aqueous solution 20 
of the noble metal ion onto a surface of the conduc- 
tive support (31), the second reversed micellar so- 
lution (E) is added, the reducing agent is then add- 
ed, and subsequently, the precipitant is added. 

25 

24. A method of manufacturing an electrocatalyst ac- 
cording to claim 18, 

wherein, after adding the conductive support 
(31) to the first reversed micellar solution (A), and 
dispersing micelles containing the aqueous solution 30 
of the noble metal ion onto a surface of the conduc- 
tive support (31), the second reversed micellar so- 
lution (E) is added, the precipitant is then added, 
and subsequently, the reducing agent is added. 

35 

25. A method of manufacturing an electrocatalyst ac- 
cording to claim 18, 

wherein, after adding the conductive support 
(31) to the first reversed micellar solution (A), and 
dispersing micelles containing the aqueous solution 40 
of the noble metal ion onto a surface of the conduc- 
tive support (31), the reducing agent is added, the 
second reversed rnicellarsolution (E) is then added, 
and subsequently, the precipitant is added. 

45 

26. A method of manufacturing an electrocatalyst ac- 
cording to claim 18, 

wherein, after adding the conductive support 
(31) to the second reversed micellar solution (E), 
and dispersing micelles containing the aqueous so- so 
lution of the transition metal ion onto a surface of 
the conductive support (31), the precipitant is add- 
ed, the first reversed micellar solution (A) is then 
added, and subsequently, the reducing agent is 
added. 55 

27. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 18 through 26, 



wherein the noble metal is at least one noble 
metal selected from the group consisting of plati- 
num, palladium, rhodium, osmium, ruthenium and 
iridium. 

28. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 1 8 through 27, 

wherein the conductive support (31 ) is carbon 
particles with a BET specific surface area of 80 to 
2000 m 2 /g. 

29. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 18 through 28, 

wherein the transition metal is at least one 
transition metal selected from the group consisting 
of vanadium, chromium, manganese, iron, cobalt, 
nickel, copper and zinc. 

30. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 1 8 through 29, 

wherein the conductive support (31) is one in 
which an attachment on a surface of the support 
(31) is rinsed off by an alkaline solution. 

31. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 1 8 through 30, further com- 
prising: 

separating the conductive support (31) which 
loads the noble metal thereon; 
rinsing and drying the conductive support (31) 
filtered; and 

calcinating the conductive support (31) dried at 
600 to 1100 °C under an inert atmosphere f and 
further holding the conductive support (31) at 
400 to 600 °C. 

32. A method of manufacturing an electrocatalyst ac- 
cording to any of claims 1 8 through 31 , 

wherein the reducing agent is added as a re- 
versed rnicellarsolution (B) containing an aqueous 
solution of the reducing agent, and 

the precipitant is added as a reversed micellar 
solution (I) containing an aqueous solution of the 
precipitant. 
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